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Abstract

Background: Hazardous materials (HAZMAT) teams are tasked with neutralizing substances that
pose a dire threat to human health. As a result, communities invest substantially in medical
surveillance to protect first responders. Yet, little is known as to the actual exposures, consequent
injuries, and cost-effectiveness of medical surveillance.
Objective: The purposes of this study were: 1) Determine actual HAZMAT threats. 2) In light of
these threats, evaluate current regulatory requirements, recommendations and practices for their
basis in evidence.
Methods: National HAZMAT data was analyzed for trends and compared with local response
records from 2008 through 2011. Regulations applicable to medical surveillance (federal, state
and local) were reviewed and compared with local practice.
Results: An increasing trend was noted nationally in HAZMAT incidents, but not injuries.
Locally, departments responded to 62 HAZMAT calls over four years. The most common call
situations involved chemical hazards (32%), and petroleum spills. Roads and parking lots were
the most common site (39%), with manufacturing and processing facilities next (13%).
HAZMAT technicians reported no injuries.
Conclusions: While HAZMAT incidents (but not injuries) increased nationally, 62 local events
resulted in no technician injuries. HAZMAT team response procedures and equipment appear to
be extremely effective. Efforts to reduce injuries from such incidents should be aimed at those
most immediate to the hazard – company employees and the public. The local HAZMAT
responder medical surveillance program exceeded regulatory requirements, with little evidence
to support significant benefits derived from extensive, routine clinical testing.
Keywords: Hazardous substance, HAZMAT response, chemical, firefighter, incident,
medical surveillance, technician.
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Evidence-Based HAZMAT Medical Surveillance
Hazardous materials (HAZMAT) teams are called upon and expected to confront and
neutralize chemical and biological agents that pose a dire threat to human health. As a result,
communities invest substantially in medical surveillance efforts to protect the health of their first
responders and to document workplace exposure as a basis for potential worker compensation.
Yet remarkably few studies have been conducted to effectively ascertain actual occupational
morbidity and mortality of HAZMAT team members and the cost-effectiveness of such medical
surveillance. This is especially pertinent in light of increasing evidence in the general populace
that traditional screening programs (e.g. routine chest x-rays and electrocardiograms prior to
surgery, prostate specific antigen screening for prostate cancer, etc.) are not cost-effective and
may even be counter-productive. Furthermore, escalating medical costs in the face of
constricting budgets have been identified as a limiting factor in training additional HAZMAT
team members (J. Galloway, personal communication, October 5, 2011).
The purposes of this study were to systematically analyze in a cross-sectional manner all
hazardous materials responses for three Butler County Ohio fire departments from 2008 through
2011, to compare this to national data compiled by federal agencies, then to review medical
surveillance regulations and recommendations for their basis in evidence.
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Research Questions
Questions addressed by this paper are several. What is the actual occupational threat to
technicians performing HAZMAT duties? In other words, what hazardous substances are “out
there,” what is the incidence of events in which these substances are accidentally released into
the environment, and are the numbers of these events changing? Understanding the threat to our
HAZMAT responders may be key to knowing what kind of medical surveillance is appropriate.
In light of the above, what injuries have technicians incurred while responding to
HAZMAT incidents? Do these HAZMAT events result in harm to HAZMAT responders?
What do federal, state and local regulations require of HAZMAT team member medical
surveillance? Obviously, it is imperative that local practice is in compliance with the law.
However, it is quite common for citizens and personnel to not really know what the regulations
actually require. In fact, this study was sparked by a local official’s question, “Do we really need
to do heavy metal testing on all our HAZMAT team members?”
What further guidance is given by the civilian sector, such as the National Fire Protection
Association (NFPA)? Organizations such as the NFPA have a long history of advocating on
behalf of the firefighter, and long ago set the industry standard for many best practices.
What does the scientific literature show, particularly in regards to elevated risk of
HAZMAT team members to increased incidence of injury, disease or its precursors, and
increased morbidity and mortality amongst general firefighters compared to the public?
In light of this information, how does current HAZMAT team member medical
surveillance practice align with regulatory requirements and scientific evidence (are all routine
tests and procedures supported by evidence)? Are there any cost-saving implications?
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Background
The Rise in Hazardous Substances
The Environmental Protection Agency (EPA) defines hazardous substances as “severely
harmful to human health and the environment.” Such substances are “specifically designated as
hazardous under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), commonly known as the Superfund law,” or similar legislation (US Environmental
Protection Agency, 2011). Currently, there are over 800 substances designated by the Superfund
law as hazardous.
Experts commonly introduce the subject of toxic threats by pointing to the rapid rise in
the number of new chemicals. But the numbers are confusing. For example, in his textbook on
environmental health, Moeller (2011) states that 70-80,000 chemicals are in use today, with up to
1000 added annually. But in a later chapter, we are informed that “each year more than 5000 new
chemicals are developed…” (Moeller, 2011, p. 272). No doubt, the most authoritative source on
the subject is the American Chemical Society’s Chemical Abstracts Service (CAS) Registry. It
has logged 64 million chemical substances since 1957, adding 12,000 new substances daily. Of
these, more than 293,000 chemicals are on the CAS CHEMLIST because they are regulated
globally as hazardous and over fifty new substances are added to the CHEMLIST weekly (CAS
Registry, 2012). With so many hazardous substances, and the number constantly increasing, the
threat of exposure and harm, at least from a theoretical perspective, continues to rise.
Hazardous Incidents at the National and State Levels
Since the 1973’s “Clean Water Act,” the National Response Center (NRC) has served as
the sole “point of contact for reporting all oil, chemical, radiological, [and] biological…
discharges into the environment anywhere in the United States and its territories” (National
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Response Center, 2012). More specific to transportation-related incidents, the Federal Motor
Carrier Safety Administration (FMCSA) reported that 800,000 large trucks (defined as a Gross
Vehicle Weight of at least 10,000 pounds) carried hazardous materials every day on U.S.
highways in 2004 (Craft, 2004). Transportation-related HAZMAT accidents of all categories
(air, rail, highway and watercraft) peaked at 20,336 in 2006, before progressively declining to a
10-year low of 14,675 in 2011. Large truck crashes (nearly 87 percent of all transportationrelated HAZMAT incidents) also declined 27 percent from 2006 to 2011. That corresponded to a
nearly fifty percent drop in fatalities from U.S. large truck accidents from 2005 to 2009 (US
Department of Transportation [USDOT], 2011). Despite the encouraging numbers, 2011’s
transportation accidents were only 2.9 percent lower than 2002 (USDOT, 2012a). Although far
fewer in number, HAZMAT events involving railroad accidents tend to occur more often in
populated areas, when people are at home, with greater numbers of injuries and thus greater
demand on area hospital services (Orr et al., 2001).
At a state level, Pipeline Hazardous Materials Safety Administration (PHMSA) data
ranked California (12,879) first in hazardous materials incidents between 2003 and 2011, with
Ohio (12,451) and Illinois close behind (USDOT, 2012a). When considering only highway
incidents, Ohio surpassed all other states for the 10-year period from 2002-2011 with 6132
incidents (USDOT, 2012b).
The Potential Adverse Health Effects of Hazardous Substances
The Registry of Toxic Effects of Chemical Substances (RTECS), administered by the
National Institute of Occupational Safety and Health (NIOSH), presents itself as the “definitive
toxicological database with supplemental information pertinent to both the chemical industry and
the occupational safety and health community.” The Occupational Safety Health Administration
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(OSHA) designated it as the “primary source for toxicity data for Material Safety Data Sheets in
its Hazard Communications Rule.” It now contains more than 160,000 chemicals, organized into
six fields, according to their potential effects: primary irritation, mutagenic effects, reproductive
effects, tumorigenic effects, acute toxicity and multiple dose toxicity (NIOSH, 2012). In 2008,
the Danish EPA reported that, of over 100,000 chemicals listed in RTECS, 13.4% cause acute
toxicity, 3.9% are mutagenic, 3.5% pose a threat to the aquatic environment, 2.5% are toxic to
reproduction, and just under 1.8% are carcinogenic (Binetti, Costamagna, & Marcello, 2008).
Injuries and deaths: HSEES and NTSIP
Prior to 2010, the Hazardous Substances Emergency Events Surveillance (HSEES)
program was the “only federal database designed specifically to address the public health effects
from releases of hazardous substances.” It tracked incidents involving releases in up to fifteen
participating states from 1990 through 2009 (Hazardous Substances Emergency Events
Surveillance (HSEES), 2012).
Over its years of operation, HSEES identified several characteristics of hazardous
chemical incidents, including (1) 75% of spills occurred in fixed facilities, 25% in transport; (2)
most releases occurred during the daytime, between 6:00 A.M. and 6:00 P.M., (3) with
increasing frequency during the spring and summer (attributed to pesticide and fertilizer
deployment); (4) equipment failure and human error were the top two causes of accidents at
fixed facilities, with these causes reversed in transportation incidents; (5) over 90 percent of
accidents involved only one substance, and (6) the most often injured were employees, followed
by the general public, then first responders and school children (HSEES, 2012).
HSEES data is limited to a relatively few states, was not integrated with other data from
federal, state, public health, or environmental agencies, and excluded spills that were exclusively
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petroleum releases (Hazardous substances released during rail transit--18 states, 2002-2007,
2007). In January 2010, the National Toxic Substance Incidents Program (NTSIP) was launched
in an effort to build a singular, national database on harmful spills. Going beyond HSEES, it
combines components from the National Database, State Partners (of which there are currently
only seven) and the National Response Team, inputting data on toxic spills from the United
States Department of Transportation (USDOT), the NRC, state health departments and the
media. NTSIP is a component of the Centers for Disease Control and Prevention’s (CDC)
Agency for Toxic Substances & Disease Registry (ATSDR). Incidents that are reported include
those involving chemicals on its mandatory reporting list (i.e. considered extremely hazardous),
petroleum and stack incidents (stack incidents involve emissions, spills etc. from industrial
steam/smoke stacks) when there is injury or a public health action, and all other chemicals in
which the minimum quantity for reporting is exceeded (for most substances, this is 10 pounds or
1 gallon) (National Toxic Substances Incidents Program (NTSIP), 2012).
Medical Surveillance – Standards, Regulations and Guidance
At a federal level, OSHA provides regulatory oversight for the protection of workers
potentially exposed to hazardous materials. The Code of Federal Regulations (CFR) applicable
to HAZMAT team members (29 CFR §1910.120) requires medical examinations (1) prior to
assignment to such duties, (2) annually while assigned to such duties (unless an attending
physician deems it necessary to be more or less frequent - but not less than every two years), (3)
in the wake of “overexposure” to a hazardous substance (i.e. the member is exposed to amounts
above the permissible exposure limits (PELs) of a substance, or develops signs or symptoms of
an exposure), and (4) upon termination or reassignment from HAZMAT duties (Hazardous waste
operations and emergency response, 2011).
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§1910.120 also requires that the employer provide the examining physician with a
description of the employee’s duties as they relate to potential and anticipated exposures, PPE
used, prior medical records, and respiratory protection program (RPP) information (as in
§1910.134). In response, the attending physician is to provide the employee a written opinion
regarding risk, recommended limitations, results of any employee-requested, exposure-related
examinations and tests, and a statement affirming that the employee was informed of the results.
OSHA’s medical examination content requirements
In regards to the content of such examinations, OSHA requires only a medical and work
history1. Additional tests or exams are at the discretion of the attending physician, with reference
given to a 1985 NIOSH publication for further guidance. This latter document’s “Recommended
Medical Program” is reproduced in Table 1. Again, the primary focus is a thorough history,
along with a related physical exam. Physicians should order tests(s) (especially once baselines
have been established) based upon risk and clinical presentation. In other words, if a HAZMAT
team member presents for routine examination and reports no significant signs, symptoms or
history of exposure to hazardous substances in the interval since the last exam, additional routine
tests and specialty evaluations for such exposures are probably not warranted. There has been no
further federal guidance regarding HAZMAT team member medical surveillance since the 1985
publication (M. de Perio, personal communication, March 8, 2012)2. The NIOSH document also
contains a helpful table of substances, their uses, target organs, potential adverse health effects

1

The medical and work history places special emphasis on symptoms related to handling hazardous substances and
their related health hazards and to fitness for duty wearing Personal Protective Equipment on the job.
2
A member of the steering committee that oversaw this NIOSH publication noted that NIOSH physicians were
repeatedly reminded of the old adage that tests should only be ordered if the clinician was prepared to act on the
results. (S. Rabinovitz, personal communication, March 2, 2012)
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and recommended medical monitoring when their presence is of concern (Occupational Safety
and Health Guidance Manual for Hazardous Waste Site Activities, 1985).
Table 1. NIOSH Recommended Medical Program
(Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities, 1985)
COMPONENT
Pre-Employment
Screening

Periodic Medical
Examinations

Emergency
Treatment

Non-emergency
Treatment
Recordkeeping
and Review

RECOMMENDED
 Medical history.
 Occupational history.
 Physical examination.
 Vision test for refraction, depth perception, color
 Audiometric (hearing) test required if high noise exposure (8-hr timeweighted average of ≥85 dBA), require hearing protection, or indicated.
 Determination of fitness to work wearing PPE.
TESTS
 Baseline monitoring for specific exposures (commonly ordered tests:
CBC, UA with microscopy, standard chemistry panel to include kidney
and liver function tests).2
 Chest x-ray if indicated or mandated by regulation.
 Pulmonary function test (PFT) if wears respirator, exposed to
toxic/irritating substances, or difficulty breathing esp. while using
respirator.
 EKG (at least one at discretion of physician)
 Consider graded exercise “stress test” at discretion of attending physician,
esp. if heat stress concern.
 Yearly update of medical and occupational history; yearly physical
examination (incl. vision, hearing)
 Tests based on (1) exam results, (2) exposures, and (3) job class and task.
e.g. need PFTs annually? Lab? (see above)
 More frequent testing based on specific exposures.
 Provide emergency first aid on site.
 Develop liaison with local hospital and medical specialists.
 Arrange for decontamination of victims.
 Arrange in advance for transport of victims.
 Transfer medical records; give details of incident and medical history to
next care provider.
 Development mechanism for nonemergency health care.

OPTIONAL
 Freezing preemployment serum
specimen for later
testing (limited to
specific situations,
see Baseline Date
for Future
Exposures in this
chapter).

 Yearly testing with
routine medical
tests (see footnote
2).

 Maintain and provide access to medical records in accordance with
OSHA and state regulations.
 Report and record occupational injuries and illnesses.
 Review Site Safety Plan regularly to determine if additional testing is
needed.
 Review program periodically. Focus on current site hazards, exposures,
and industrial hygiene standards.

Note: Tests cited as “Frequently Performed by Occupational Physicians” included: complete blood count (CBC), urinalysis with
microscopy, kidney (blood urea nitrogen–BUN, creatinine, uric acid) and liver function, to include total protein, albumin, globulin,
total bilirubin (with direct if total elevated), alkaline phosphatase, gamma glutamyl transpeptidase (GGTP), lactic dehydrogenase
(LDH), serum glutamic-oxaloacetic transaminase (SGOT), serum glutamic-pyruvic transaminase (SGPT). “Multiple testing for a
large range of potential exposures is not always useful, may involve invasive procedures (e.g., tissue biopsy), be expensive, and may
produce false-positive results.”
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Hearing conservation and blood-borne pathogens
Additional relevant OSHA requirements pertain to potential harm from excessive noise,
infectious agents and blood-borne pathogens. §1910.95 (Occupational noise exposure) mandates
that employees exposed to excessive noise (defined as noise levels that “equal or exceed an 8hour time-weighted average of 85 decibels”) must have a baseline audiogram (that meets specific
OSHA requirements) within 6 months of initial exposure to such levels, and annually thereafter.
Since firefighters are exposed to noise that exceeds these levels, hearing protection and annual
hearing tests are required (Occupational noise exposure, 2008).
§1910.1030 (Blood-borne pathogens) requires employers to make available hepatitis B
vaccine and post-exposure evaluation to any employees who have occupational exposure.
Prospectively, occupational exposure is defined as “reasonably anticipated skin, eye, mucous
membrane, or parenteral contact with blood or other potentially infectious materials that may
result from the performance of an employee's duties” (Bloodborne pathogens, 2012).
State of Ohio
At the state level, Ohio has no written regulations pertaining to HAZMAT team medical
surveillance, as confirmed by a review of the Ohio Revised Code and by contact with the office
of Ohio’s State Fire Marshall, whose legal team confirmed the absence of regulation (D. Cooper,
personal communication, February 22, 2012).
The private sector: the National Fire Protection Association (NFPA)
From the private sector, the 70,000-member NFPA was founded in 1896 to develop
“consensus codes and standards, research, training and education” to reduce fire and other
hazards (National Fire Protection Association, 2012). As a private organization, its guidance
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does not carry the force of law3, except where local municipalities adopt NFPA as their legal
standard (T. Hales, personal communication, March 8, 2012), apparently, a rare situation.
According to Mike Mays, Assistant Fire Chief, West Chester (OH) Township, “No department in
the country meets NFPA. They just don’t have the resources” (R. Michael Mays, personal
communication, April 3, 2012).
Table 2. NFPA 1582 Standard on Comprehensive Occupational Medical Program
for Fire Departments 2007 Edition - Table of Contents
Chapter 1 Administration
Chapter 2 Referenced Publications
Chapter 3 Definitions
Chapter 4 Roles and Responsibilities
Chapter 5 Essential Job Tasks
Chapter 6 Medical Evaluations of Candidates
Chapter 7 Occupational Medical Evaluation of Members
Chapter 8 Annual Occupational Fitness Evaluation
Chapter 9 Essential Job Tasks - Specific Evaluation of Medical Conditions in Members
Annex A Explanatory Material
Annex B Guide for Fire Department Administrators
Annex C Protocols for Evaluation of Fitness
Annex D Informational References
Index

NFPA 1582 addresses medical surveillance for all firefighters (Table 2), including
HAZMAT. Going well beyond OSHA, it mandates evaluations annually (OHSA “allows” every
2 years) numerous routine tests, and fitness assessments. Chapter 8 focuses entirely on fitness
evaluations, and is excerpted from NPFA 1583 (2008). The goals of NFPA’s occupational
medicine program extend beyond workplace exposure to promoting wellness, early detection,
and referral for common diseases, such as diabetes, cancer, hypertension and heart disease

3

In its introductory “Important Notices and Disclaimers Concerning NFPA Documents,” the NFPA states that
“anyone using this document should rely on his or her own independent judgment or, as appropriate, seek the advice
of a competent professional in determining the exercise of reasonable care in any given circumstances. The NFPA
has no power, nor does it undertake, to police or enforce compliance with the contents of this document.”
Furthermore, the NFPA acknowledges that the medical program may be affected by budgetary constraints and
therefore encourages prioritization so that “essential elements are not lost.” (p. 55)
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(National Fire Protection Association, 2012). The NFPA “requires” routine medical evaluations
at baseline and annually thereafter, and as needed in the wake of exposure, illness, injury, or
protracted absence from work (see Table 3 for NFPA-recommended exam content).
Table 3. NFPA 1582 Occupational Medical Evaluation of Members
Item
7.5 Medical history
7.6 Physical
examination

7.7.1 Laboratory tests

7.7.3 Audiology
7.7.4 Spirometry
7.7.5 Chest X-ray
7.7.6 Electrocardiogram
(EKG)
7.7.7 Mammography
7.7.8 Immunizations
and infectious
diseases

7.7.9 Post-exposure
blood-borne pathogen
testing.
7.7.10 HIV testing
7.7.11 Heavy metal
testing
7.7.12 Colon cancer
screening

Recommendation
 Baseline and interval history of any changes in health status and known
occupational exposures.
 Vital Signs, HEENT, Neck, Cardiovascular (CVD), Pulmonary, Breast,
Gastrointestinal (incl. rectal), Genitourinary (incl. PAP smear, testicular),
Hernia, Lymph nodes, Neurologic, Musculoskeletal, Skin (incl. screen for
cancers), Vision
 Complete blood count (CBC), chemistry panel (to include electrolytes, renal
function, glucose, liver function, lipids).
 Prostate Specific Antigen (PSA) after age 40; earlier if indicated by family
history or African-American.
 Urinalysis (UA) with microscopy (micro).
 Additional tests for chemical exposure, if indicated.
 Hearing examination
 FVC, FEV1, FEV1:FEVC
 Baseline and every 5 years or as medically indicated.
 Baseline and annually. (“Periodic resting electrocardiograms have not been
shown to be useful but can be reasonable as a member’s age increases.”)
 Stress EKG if indicated by history or symptoms.
 Annually on females over 40.
 Tuberculosis (PPD) annually; more often as needed.
 Hepatitis A vaccine: offer to high risk (HAZMAT, USAR, SCUBA,
contaminated water exposure.
 Hepatitis B vaccinations and titers: per CDC.
 Hepatitis C: baseline and after occupational exposure.
 Tetanus/diphtheria vaccine: booster every 10 years.
 MMR: single dose if born after 1957 without prior immunization or evidence of
immunity.
 Polio vaccine: single booster of IPZ for members traveling to endemic areas in
line of duty, or per MMWR.
 Varicella vaccine: offer to all non-immune personnel.
 Influenza vaccine: offer to all personnel annually.
 All currently recommended immunizations shall be offered to members.
 HIV screening: available to all personnel.
 As needed, and per written departmental protocol.
 Made available to all personnel.
 Heavy metal testing at baseline when indicated by known exposure or substantial
risk. Evaluations shall be performed following known exposures, recurrent
exposures, or where required under regulations.
 Fecal occult blood testing > age 40; earlier if indicated.
 Screening colonoscopy should be RECOMMENDED if > age 50; earlier if
clinically indicated.
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Literature Review
I searched the scientific literature for clinical reports related to HAZMAT incidents,
exposure hazards, injuries to, and medical surveillance of general and HAZMAT firefighters,
and incidence of disease in the firefighter community as compared to the general population.
Searches of various online databases were conducted, including the National Library of
Medicine (Medline) and the Ohio Library and Information Network (OhioLink).
Exposures to General Firefighters
While there is a relative dearth of quality, comprehensive experimental studies on actual
firefighter exposures to hazardous substances and their respective morbidity and mortality, a few
context-specific studies provide limited insight. Fent and Evans (2011) used canisters and directreading carbon monoxide detectors either held in the smoke plume (initial sampling), or worn on
the gear of 19 southwest Ohio volunteer firemen to collect air samples during three vehicle fires.
Through a series of complex calculations, they concluded that firefighters engaged in
suppressing a vehicle fire could be exposed to hazardous chemicals at over nine times the
acceptable risk for exposure. The authors recommended self-contained breathing apparatus
(SCBA) use throughout vehicle fire response.
Perfluorohexane sulfonate, a coating used in carpets and other construction materials,
was significantly higher in serum concentrations of firefighters as compared to controls (Jin,
Sun, Islam, Qian, & Ducatman, 2011). While over half of Staten Island firefighters who
responded to an electrical transformer fire reported symptoms initially and had elevated serum
blood levels of polychlorinated biphenyls (PCBs) and polychlorinated dibenzofurans (PCDFs),
no adverse health effects were noted, and pulmonary function, exercise performance, liver
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function tests and other blood profiles were all unchanged from their pre-exposure baselines
(Kelly, Connelly, Reinhold, Byrne, & Prezant, 2002).
Brandt-Rauf, Fallon Jr., Tarantini, Idema, and Andrews (1988) used portable colorimetric
detectors, cassettes and vent tubes to sample a variety of substances encountered by 51 Buffalo
New York firefighters responding to 14 fires in January, 1986. Carbon monoxide was detected in
all 14 fires, with over half exceeding the Occupational Safety and Health Administration’s
(OSHA) Permissible Exposure Limit (PEL). Benzene was also common, and exceeded the
OSHA PEL in nearly all of the 12 fires in which it was detected. Other exposures included
particulates, sulfur dioxide, formaldehyde, and hydrogen chloride. While the authors
acknowledged that colorimetric tubes have known issues with specificity and accuracy, they
maintained that firefighters might be getting exposed to excessive levels of toxic materials
during routine firefighting activities. Of even greater concern was that the worst exposures took
place when firefighters were not using respiratory protection due to visual assessments of low
smoke levels. Bolstad-Johnson et al. (2000) found that firefighters were also prone to forego
respiratory protection during the overhaul phase of fire suppression during which attics, walls
and ceilings were searched for residual fire activity.
In a small case-control study, Saudi firefighters were found to have significantly elevated
levels of biochemical markers (alanine transaminase, urea nitrogen, LDL-C, creatine kinase and
lactate dehydrogenase), but not serum heavy metals when compared to non-firefighters.
However, no mention was made of standards for use of personal protective equipment (PPE) and
firefighters suffering from acute or chronic illness were excluded from the study (Al-Malki,
2009; Al-Malki, Rezq, & Al-Saedy, 2008).
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Injuries to HAZMAT Team Members
Even less research exists regarding exposures of toxic substances specifically to
firefighters performing HAZMAT duties. An analysis of 1996-2001 HSEES data reported that 8
percent of HAZMAT events resulted in injury or death (Kaye, Orr, & Wattigney, 2005). The
largest contribution to the literature comes from researchers at Harvard Medical School and
affiliates, who studied the state’s six district HAZMAT teams beginning with their inception in
1990. During the first six years of HAZMAT operations, there were 165 responses, with 80% of
incidents occurring at fixed facilities and most often involving chlorine-type compounds.
Transportation-related incidents most often involved petroleum-based fuels (Kales,
Polyhronopoulos, Castro, Goldman, & Christiani, 1997b). Twenty-nine percent (47/162; 3
incidents had no injury information available) of HAZMAT accidents resulted in victims
(considerably higher than the 8% rate noted by Kaye, Orr & Wattigney, 2005), with respiratory
irritation the most common complaint (Kales, Polyhronopoulos, Castro, Goldman, & Christiani,
1997a). Although chlorine caused injury in only one-third of its accidental releases, it was
responsible for the greatest number of victims by virtue of it’s involvement in the most incidents
(29 events). Pesticide accidents most predictably caused injury (victims in 3 of 5 incidents, or
60%), followed by sodium hydroxide, acids, bases and corrosives, which caused harm in 43% of
its accidents. Civilians were victims in 25% of responses, while first responders sustained harm
in 7% of incidents. HAZMAT team members reported only one minor musculoskeletal injury. In
other words, no HAZMAT technician sustained a serious injury or exposure over a six-year
period involving 162 HAZMAT incidents.
On periodic medical surveillance, HAZMAT teams had no significant differences in
biochemical testing (Kales, Polyhronopoulos, & Christiani, 1997), pulmonary function (Kales,
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Mendoza, Hill, & Christiani, 2001), liver function and hematologic tests, leading authors to
recommended against annual routine biochemical testing (Kales et al., 2001).
The Bigger Picture: morbidity and mortality of firefighters compared to general
population
From a larger perspective, morbidity and mortality in the firefighter community appears
to be higher than that of the general population. Recall NFPA’s goals extend beyond workplace
exposure (the focus of this paper) to prevention, early detection and referral of common diseases.
These goals appear warranted, as general firefighters have rates of hypertension, hyperlipidemia
and obesity higher than the general population, particularly alarming given their already high
prevalence in the public (Elliot et al., 2007). The deadly combination of high CVD risk factors
coupled with hazardous duty involving high heat exposure and sporadic, intense physical
exertion, appears to place firefighters at elevated risk for on-duty coronary events, and is used to
explain why 44% of on-duty firefighter deaths are due to CVD (Durand et al., 2011).
In regard to cancer risk, the literature is more ambiguous. A cohort of Philadelphia
firefighters appeared to have higher death rates from a few specific cancers (colon, kidney, nonHodgkin’s lymphoma, multiple myeloma), but not higher overall cancer mortality (Baris et al.,
2001). Similarly, a 2006 meta-analysis showed probable elevated incidence in firefighters of
multiple myeloma, non-Hodgkin’s lymphoma, and prostate cancer (LeMasters et al., 2006).
In Summary
Quality experimental research on firefighter exposures to hazardous substances and
consequent morbidity and mortality is lacking, as is research into the cost-effectiveness of related
medical surveillance programs. While a few studies document exposures to general firefighters,
these were attributed to inadequate utilization of PPE, such as in early response to an unknown
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threat, or when the threat was inappropriately deemed low by visual assessment. Virtually no
scientific literature identifies increased morbidity or mortality to HAZMAT over general
firefighters, nor changes in laboratory or clinical studies as a result of routine performance of
HAZMAT duties. In fact, by virtue of policy, procedures, PPE and timing, HAZMAT
technicians appear to be our most protected responders. On the other hand, firefighters in general
appear to have a higher incidence of cardiovascular disease, obesity, and possibly cancer.
Methods
Data was secured from multiple sources. To look for trends in HAZMAT incidents on a
national scale, I queried the National Response Center (NRC) database, and entered the number
of incidents for each fiscal year from 1990 through 2011 (21 years of data) into a Microsoft®
Excel spreadsheet. I used Excel’s Data Analysis tools to analyze NRC data descriptively for
mean incidents per year then regressed HAZMAT incidents (continuous dependent variable)
linearly on the year (continuous independent variable) to evaluate for trends nationally in the
incidence of HAZMAT releases. In each case, Analysis of Variance (ANOVA) was used to test
linear regression for statistical significance.
Ascertaining national rates and trends of victims due to HAZMAT incidents is not
possible, as this data is not available. HSEES/NTSIP has attempted to fill this gap, albeit
unsuccessfully, as its data sources have ranged from a low of seven reporting states (currently) to
a high of 15 (for certain years during the 1990-2009 HSEES timeframe). To understand rates and
injury trends secondary to HAZMAT releases in multiple states, I consulted HSEES. Between
1990 and 2009, HSEES collected hazardous substance release data from up to 15 participating
states. This data included year and location of incident, type of facility, numbers of injuries
and/or deaths by victim category, and HAZMAT training status of victims. I included only nine
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states in my analysis (Colorado, Iowa, Minnesota, New York, North Carolina, Oregon, Texas,
Washington, and Wisconsin) because only these reported the above data continuously from 1999
through 2008. HSEES personnel queried and filtered the data to include only that which was
from the nine states in question, and formatted it into tables. From these, I extracted categorical
data and entered it into Microsoft Excel spreadsheets for analysis.
Using Excel’s Data Analysis tools, I looked at the data descriptively, determining total
victims for the 10-year period, average number of victims per year, and the percent of total
represented by each victim category (employee, general public, student, unknown, responder
(not otherwise specified), firefighter, police, emergency medical technician, hospital personnel,
company employee responder). To determine whether or not there were any trends in injury
rates, I regressed the annual number of injuries for each victim category (continuous dependent
variables) on the year (continuous independent variable), and did the same for total injuries for
all victim categories.
To ascertain HAZMAT activity at a local level, I obtained all HAZMAT response “run
sheets” for 2008 through 2011 from three Butler County, Ohio fire departments (Hamilton,
Middletown and West Chester Township). With a 2010 census of 368,130, the county is
comprised of 10 cities (Hamilton, the county seat, is largest with a population of 61,000), and 13
townships. Each community is served by its own fire department, with five (Fairfield and Miami
Townships, in addition to the above) maintaining HAZMAT units.4 A hazardous materials
incident was any situation in which at least one HAZMAT team was called upon and responded.

4

Hamilton and Middletown maintain records of all HAZMAT responses in the National Fire Incident Reporting
System (NFIRS), while West Chester uses Fire RMS (by Zoll) for data compilation and storage. As Fairfield
Township has a Memorandum of Understanding (MOU) with neighboring Hamilton County (Cincinnati), it did not
participate in this analysis. Miami Township’s data was not requested, as it had not been identified by the County
Emergency Management Administrator (EMA) at the onset of the data collection period.
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Date, time, location, facility/property use type, situation, agent involved, response unit(s),
personnel involved and injuries were extracted from records, entered into spreadsheets and
analyzed descriptively using Excel’s tools.
Finally, in order to provide feedback regarding expenditures for medical surveillance, I
reviewed a copy of the pricing sheet negotiated by the local HAZMAT Cooperative (Coop) with
a local occupational health group and compared it to the requirements and recommendations
noted earlier. The Coop (with county Emergency Management Administrator [EMA] oversight)
pays for HAZMAT team member medical surveillance.
Results

Incidence of HAZMAT Releases
On a national scale, total HAZMAT spills are increasing, rising 43% from 25,754
incidents in fiscal year (FY) 1991 to a peak of 36,855 in FY 2006 (p <.001). Over 21 years, the
mean for HAZMAT incidents nationally was 31,996 (see Figure 1).

Figure 1. HAZMAT Incidents in U.S.A. and its Territories, 1991-2011 (NRC)
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At a local level, three fire departments responded to 62 HAZMAT incidents over the
four-year observation period, with a data set too small to determine any statistically significant
trends. West Chester led with 28 (45%) of all runs, while Middletown had the most variability
(15 total, with only one response each in 2008 and 2010). The months with the highest
HAZMAT activity were July and October (8 responses each), followed by January, May, June
and September (6 each). Two months (February and December) had only two responses each.
The most common type of call situation (Table 4) involved chemical spills or leaks
(13/62 responses). Spills of gasoline or other flammable liquids were involved in another 11
calls. The most likely locations for a HAZMAT accident were vehicle parking areas and roads
(24/62, 39%), followed by manufacturing/processing areas (8 responses, or 13%).
Table 4. Call Situations Responded to by Butler County HAZMAT Teams
Call Situation
Chemical spill or leak
Gasoline or other flammable liquid spill
Release investigation: no HAZMAT
Chemical hazard (no spill or leak)
Assist police or other gov’t agency
Oil or other combustible liquid spill
Hazardous condition, other
Good intent call, other
Various (1 of each type over 4 years)
Grand Total

2008

1
1

2009
5
3
2
2
1
1

2

2

1
3

7

16

16

1
2

2010
5
3
2
1
1

2011 Total
3
13
4
11
3
9
4
7
3
5
3
2
2
1
2
3
10
21

62

Incidence of Injuries Due to HAZMAT Releases
As noted earlier, my injury data was limited to nine states that reported continuously to
HSEES each year from 1999 through 2008. During that 10-year observation period, those nine
states reported 15,481 victims due to HAZMAT releases. Injuries were highest in 2000 (2087),
declined to a low of 972 in 2005, then nearly doubled the next year (Figure 2). Injury rates were
distributed normally (observed via stem-plot), with a mean of 1,548/year, median of 1,562, and a
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standard deviation of 296. 49.2% of the victims were company employees, 30.6% general public,
11.2% school children, 5% firefighters, and 2.7% police (Table 5). These incidents resulted in
354 deaths, 190 (53.7%) of which involved the general public, 154 (43.5%) company employees,
9 (2.5%) firefighters, and 1 (0.3%) police. No deaths were reported for students, EMTs, hospital
personnel or company first responders, and only 4 (1.1% of total) were HAZMAT firefighters.

Figure 2. Injuries due to HAZMAT Incidents in 9 States from 1999 through 2008 (HSEES)

Table 5. HAZMAT Injuries in 9 States 1999-2008, HSEES
HAZMAT INJURIES
Totals
%
Avg/Yr Deaths
Employee
7616 49.2
762
154
Gen Public
4737 30.6
474
190
Student
1730 11.2
173
0
Unknown
20
0.1
2
0
Responder NOS
51
0.3
5
0
FF (ALL)
777
5.0
78
9
Police
418
2.7
42
1
EMT
56
0.4
6
0
Hosp (MD, RN…)
18
0.1
2
0
Comp. Emp Respndr
58
0.4
6
0
TOTALS
15481
100
1548.1
354

Linear regression of injury totals and by each victim category showed no clear statistical
trends. In other words, there was no statistically significant decline or rise in injury rates due to
HAZMAT incidents overall or in any victim category in nine states reporting between 1999 and
2008.
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Locally, no injuries or deaths to HAZMAT team members were reported during the fouryear observation period from 2008-2011. Assistant fire chiefs could not remember the last time a
HAZMAT team member was injured while performing HAZMAT duties (M. Mays, personal
communication, February 9, 2012).
Local HAZMAT Medical Surveillance
Butler County’s HAZMAT medical surveillance program services and charges are
detailed for both initial/baseline and periodic medical evaluations in Table 6. In addition to a
history and physical, baseline evaluations included a respiratory protection program
questionnaire, a pulmonary function test, an audiogram, a chest x-ray, an electrocardiogram (or
stress EKG if over 35 years of age) and lab work, including CBC, lipids, chemistry panel
(including liver function tests), 24-hour urine for heavy metal screen, and plasma and RBC
cholinesterase. Once medically cleared by a physician, applicants learned proper lifting
techniques and performed various agility tests designed to replicate work-place tasks (C.
Shepherd, personal communication, April 20, 2012).
Table 6. Baseline and Periodic Medical Evaluation Costs for Butler County HAZMAT Coop Members
2010
Medical Evaluation Service(s)
History, physical incl. vision
Respiratory Questionnaire
Pulmonary Function Test (PFT)
Audiogram
Lab: CBC, UA+micro, lipids
Chest Xray
Heavy Metal Screen
RBC Cholinesterase
Plasma Cholinesterase
Agility/Fitness for Duty Tests
Electrocardiogram
Stress EKG (if > 35 y/o)
Total (<35 years / ≥35 years)

Baseline ($)
40
13
25
18
45
50
85
49
29
75
50
200
$479/679

Periodic ($)
40
13
25
18
45

200
$141/341
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Once baseline was established, HAZMAT team members completed medical evaluations
annually thereafter, comprised of a history and physical, respiratory questionnaire, pulmonary
function test, audiogram, basic lab (CBC, UA with micro, lipids), and a stress electrocardiogram
if the member was over 35 years of age.
Discussion
While national HAZMAT incidents showed a slight upward trend over 20 years, injuries
(from HSEES data of 9 reporting states over a 10-year period from 1999-2008) and national
transportation safety data (over a 10-year period from 2002-2011) did not show a related rise.
These trends were echoed locally, as Butler County HAZMAT teams sustained zero injuries over
the four-year observation period from 2008 through 2011. While no local data was available
regarding injuries to other than HAZMAT responders, national statistics indicate that those at
greatest risk from HAZMAT incidents are those nearest the incident, i.e. the general public and
company employees, who are first on the scene, wear inadequate personal protective equipment,
and have incomplete information on the threat (Kales, Castro, & Christiani, 1996).
Butler County’s HAZMAT firefighter medical surveillance program most closely
mirrored the recommendations of the NFPA, which calls for extensive routine testing for both
occupational exposure surveillance and to promote wellness, fitness and disease prevention,
early detection and referral. While laudable, especially in light of the known higher incidence of
cardiovascular risk factors and disease in general firefighters (Soteriades et al., 2011), combining
these two purposes in occupational medical surveillance is questionable and has not been
adequately studied in the HAZMAT sub-population. NFPA guidelines and objectives go well
beyond what is required for worker safety, both from the perspectives of regulation and
evidence, as the incidence of on-the-job injuries to HAZMAT team members is extremely low.
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The bottom line: HAZMAT response procedures and PPE are extremely effective at minimizing
occupational risk and injury. Only the history and audiogram are required on periodic medical
evaluations by OSHA regulation.
In the general population, institutions such as the US Preventative Services Task Force
(USPSTF) have led the way in bringing tests of evidence to bear on the realm of clinical
screening programs. Old conventions, such as annual prostate specific antigen (PSA) testing and
routine mammography, chest x-rays, or electrocardiograms, have been scrutinized. In conducting
such evidenced-based analyses, committees considered not only the cost of the screening tests
themselves, but the rate of false positive tests, and the cost and risk of additional follow-up
testing. As a result of recommendations by the USPSTF and similar organizations, prevention
screening has changed dramatically in recent years, usually in the direction of less routine testing
combined with a greater emphasis on history taking to ascertain the need for further tests.
Occupational health should consider a similar approach to its HAZMAT team member medical
surveillance programs.
This study is the first in the Southwest Ohio region to compare several years of local
HAZMAT data with that on a national level and from multiple federal agencies. It also applied
accepted statistical methods to analyze for trends, and found a lack of statistical significance in
nearly every measurement (other than a national overall increase in hazardous substance spills).
This study had several limitations. At a national level, I obtained data from a variety of
sources (NRC, FMCSA, PHMSA HSEES/NTSIP), each with distinct agency purposes and
criteria. HSEES/NTSIP data was limited to only a few (nine) states participating on a voluntary
basis, and with different inclusion criteria from other agencies (e.g. petroleum-only spills were
excluded). Locally, this study only examined HAZMAT activity for three of five teams in Butler
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County. All team members were male. There was some degree of overlap between HAZMAT
and general firefighter activity, particularly when it came to small fuel spills, which were often
handled by non-HAZMAT teams (A. Goller, personal communication, Oct. 17, 2011). In
addition, the data do not reflect the number of calls by first responders to suspected illicit
methamphetamine (“meth”) labs, as these were handled most often by the sheriff’s office, which
has its own HAZMAT team oriented toward criminal investigation more than public safety (U.
Bailey, personal communication, Oct. 20, 2011). Finally, local reporting systems do not require
the specific chemical agent to be identified or entered. Thus, a true risk analysis of specific
chemical agents and their respective health threat is not possible with existing data. Nevertheless,
local HAZMAT technicians reported no injuries of any kind over the observational period.
Conclusion
This study comprehensively examined the evidence for HAZMAT member medical
surveillance programs. After an initial analysis of actual HAZMAT threats and injury rates at
both national and local levels, I reviewed the literature to further delineate a scientific
perspective of these threats and their consequences. Then, I reviewed regulatory requirements
and recommendations for HAZMAT medical surveillance programs and compared these with
local policy.
Despite the overall rise in the numbers of hazardous substances and increasing rates of
accidents at particularly the national level, injury rates continue to remain extremely low
amongst HAZMAT first responders. The scientific literature, experience (both locally and
nationally), and regulation are all harmonious in their lack of support for extensive routine,
periodic testing of HAZMAT team members for occupational exposure to hazardous substances.
While current practice involves annual medical evaluations, consideration should be given to an
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every-other-year schedule (as allowed by OSHA) for healthy team members with no physical
complaints or exposures. In addition, routine testing should be minimized and resources to detect
workplace exposure should be concentrated on HAZMAT technician pre-employment, postexposure, and exit physicals. As such, a thorough medical and occupational history and
audiogram are all that is required and supported by evidence in the absence of signs, symptoms
or a history of exposure. Additional specimen(s) could be collected at baseline, then frozen and
preserved, as a relatively low-cost option to consider for future contingencies, should a
comparison be necessary at a future date.
Concerns regarding firefighter fitness and the increased incidence of cardiovascular
disease (and perhaps cancer) may be addressed separately, with consideration given to enhanced
department-level emphasis and interventions appropriate to the firefighter culture. These can
(and likely must) be accomplished without expensive medical surveillance (e.g. routine exercise
treadmills), which appear to have done little to stem the tide of rising morbidity and mortality.
From a larger perspective, the greatest threat from HAZMAT incidents is to those nearest
the event when it occurs, i.e. employees and the general public, who lack PPE and adequate
knowledge of the threat. Therefore, morbidity and mortality due to HAZMAT incidents will be
most effectively reduced if HAZMAT teams maintain current policies and procedures, while
public health efforts are directed at protecting non-responder populations.
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Appendix A: Public Health Competencies Met
Specific Competencies
Domain #1: Analytic Assessment Skill
Defines a problems
Determines appropriate uses and limitations of both quantitative and qualitative data
Selects and defines variables relevant to defined public health problems
Identifies relevant and appropriate data and information sources
Evaluates the integrity and comparability of data and identifies gaps in data sources
Applies ethical principles to the collection, maintenance, use, and dissemination of data and information
Partners with communities to attach meaning to collected quantitative and qualitative data
Makes relevant inferences from quantitative and qualitative data
Obtains and interprets information regarding risks and benefits to the community
Applies data collection processes, information technology applications, and computer systems
storage/retrieval strategies
Recognizes how the data illuminates ethical, political, scientific, economic, and overall public health issues
Domain #2: Policy Development/Program Planning Skills
Collects, summarizes, and interprets information relevant to an issue
States policy options and writes clear and concise policy statements
Identifies, interprets, and implements public health laws, regulations, and policies related to specific
programs
Articulates the health, fiscal, administrative, legal, social, and political implications of each policy option
States the feasibility and expected outcomes of each policy option
Utilizes current techniques in decision analysis and health planning
Decides on the appropriate course of action
Develops a plan to implement policy, including goals, outcome and process objectives, and
implementation steps
Translates policy into organizational plans, structures, and programs
Develops mechanisms to monitor and evaluate programs for their effectiveness and quality
Domain #3: Communication Skills
Communicates effectively both in writing and orally, or in other ways
Solicits input from individuals and organizations
Advocates for public health programs and resources
Leads and participates in groups to address specific issues
Uses the media, advanced technologies, and community networks to communicate information
Effectively presents accurate demographic, statistical, programmatic, and scientific information for
professional and lay audiences
Attitudes
Listens to others in an unbiased manner, respects points of view of others, and promotes the expression of
diverse opinions and perspectives
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Specific Competencies
Domain #4: Cultural Competency Skills
Utilizes appropriate methods for interacting sensitively, effectively, and professionally with persons from
diverse cultural, socioeconomic, educational, racial, ethnic and professional backgrounds, and persons of
all ages and lifestyle preferences
Identifies the role of cultural, social, and behavioral factors in determining the delivery of public health
services
Develops and adapts approaches to problems that take into account cultural differences
Attitudes
Understands the dynamic forces contributing to cultural diversity
Understands the importance of a diverse public health workforce
Domain #5: Community Dimensions of Practice Skills
Establishes and maintains linkages with key stakeholders
Utilizes leadership, team building, negotiation, and conflict resolution skills to build community
partnerships
Collaborates with community partners to promote the health of the population
Identifies how public and private organizations operate within a community
Accomplishes effective community engagements
Identifies community assets and available resources
Develops, implements, and evaluates a community public health assessment
Describes the role of government in the delivery of community health services
Domain #6: Basic Public Health Sciences Skills
Defines, assesses, and understands the health status of populations, determinants of health and illness,
factors contributing to health promotion and disease prevention, and factors influencing the use of health
services
Understands the historical development, structure, and interaction of public health and health care
systems
Identifies and applies basic research methods used in public health
Applies the basic public health sciences including behavioral and social sciences, biostatistics,
epidemiology, environmental public health, and prevention of chronic and infectious diseases and injuries
Identifies and retrieves current relevant scientific evidence
Identifies the limitations of research and the importance of observations and interrelationships
Attitudes
Develops a lifelong commitment to rigorous critical thinking
Domain #7: Financial Planning and Management Skills
Develops strategies for determining budget priorities
Monitors program performance
Applies basic human relations skills to the management of organizations, motivation of personnel, and
resolution of conflicts
Manages information systems for collection, retrieval, and use of data for decision-making
Conducts cost-effectiveness, cost-benefit, and cost utility analyses
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Specific Competencies
Domain #8: Leadership and Systems Thinking Skills
Identifies internal and external issues that may impact delivery of essential public health services (i.e.
strategic planning)
Facilitates collaboration with internal and external groups to ensure participation of key stakeholders
Promotes team and organizational learning
Contributes to development, implementation, and monitoring of organizational performance standards

